TITLE: Method for conditioning inkjet fluid 
droplets using laminar airflow 



Cross-references to related applications 



Field of the invention 

The invention pertains to the field of inkjetting of fluids and, in particular, to the 
conditioning of fluid droplets using laminar airflow 
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Background of the invention 

The use of ink jet printers for printing information on a recording media is well established. 
Printers employed for this purpose may be grouped into those that use a continuous 

5 stream of fluid droplets and those emit droplets only when corresponding information is to 
be printed. The former group is generally known as continuous inkjet printers and the latter 
as drop-on-demand inkjet printers. The general principles of operation of both of these 
groups of printers are very well recorded. Drop-on-demand inkjet printers have become 
the predominant type of printer for use in home computing systems, while continuous 

10 inkjet systems find major application in industrial and professional environments. 

Continuous inkjet printers typically have a print head that incorporates a supply line or 
system for ink fluid and a nozzle plate with one or more ink nozzles fed by the ink fluid 
supply. A gutter assembly is positioned downstream from the nozzle plate in the flight path 
15 of ink droplets to be guttered. The gutter assembly catches ink droplets that are not 
needed for printing on the recording medium. 

In order to create the ink droplets, a drop generator is associated with the print head. The 
drop generator influences, by a variety of mechanisms discussed in the art, the fluid 

20 stream within and just beyond the print head. This is done at a frequency that forces 

thread-like streams of ink, which are initially ejected from the nozzles, to be broken up into 
a series of ink droplets at a point within the vicinity of the nozzle plate. A charge electrode 
is positioned along the flight path of the ink droplets. The function of the charge electrode 
is to selectively charge the ink droplets as the droplets break off from the jet. One or more 

25 deflection plates positioned downstream from the charge electrodes deflect a charged ink 
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droplet either into the gutter or onto the recording media. For example, the droplets to be 
guttered are charged and hence deflected into the gutter assembly and those intended to 
print on the media are not charged and hence not deflected. In some systems, the 
arrangement is reversed, and the uncharged droplets are guttered, while the charged 
5 ones ultimately are printed. 

One of the problems associated with continuous ink jet printers is that of ink droplet 
misregistration at the recording surface. The ink droplet misregistration arises from 
interaction between the droplets as they are propelled along a flight path towards the 

10 recording surface. One of the prime causes for droplet interaction is the aerodynamic drag 
on the respective droplets. Unless the air velocity matches the drop velocity, the local 
airflow around the drop is affected by the passage of the drop and this will affect the 
dynamics of trailing drops. The aerodynamic interaction affects the relative spacing 
between droplets because it either increases or decreases the velocity of the droplets. As 

15 a result, some ink droplets reach the media early while others reach the media late. Drops 
may even merge in flight. The trailing drops may also experience lateral forces when 
following a drop on a different deflected trajectory. The overall effect is that the presence 
of the aerodynamic interaction, also called the aerodynamic drag, results in relatively poor 
printing quality due to droplet misplacement on the media. In multinozzle print heads the 

20 aerodynamic drag also creates the additional problem of variation in droplet velocity from 
fluid droplet stream to fluid droplet stream, resulting in further inaccuracies in droplet 
placement on the media, and consequent poor printing quality. 

To address the aerodynamic interaction problem, the prior art utilizes a gas stream, such 
25 as air, to compensate for the aerodynamic drag on the ink droplets. The air flows 

collinearly with the stream of ink droplets and reduces the aerodynamic effect. The inkjet 
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nozzle is generally mounted to eject the droplets into the center of the air stream. In an 
extension of this approach, laminar airflow has also been applied to multinozzle heads. 
This is generally done by using a single row of nozzles. 

5 The prior art is generally characterized by the placement of a single nozzle centrally in the 
highest velocity zone of the laminar airflow column. This is done to minimize any forces 
that may deviate the flight path of the droplets laterally. Laminar flow systems for single 
rows of multiple inkjet nozzles have also been described in the prior art, the nozzles again 
being placed centrally in the highest velocity zone of the laminar airflow column. While 

10 multirow multinozzle continuous inkjet systems have indeed been proposed, they have not 
seen the benefit of laminar airflow, due to the above anticipated negative consequences of 
droplet placement anywhere but in the uniform highest airflow velocity area of the system 
where the airflow velocity profile is suitably flat. As a result, the inkjet printer designs 
suggested for multirow multinozzle systems are subject to serious droplet misregistration 

15 problems. 
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Brief Summary of the invention 



A multirow multinozzle continuous inkjet head comprises a plurality of rows of inkjet 
nozzles ejecting fluid droplets in regions of airflow velocity within a collinear flow of air. 
5 The airflow velocity at all droplet trajectories is substantially equal, but lower than the 
highest airflow velocity within the collinear flow of air. This allows many more droplet 
streams to be placed in a velocity-matched airstream. Despite the droplets being in 
regions with air velocity gradients across the droplets, it is found that the lateral forces are 
such that droplet placement on the print media surface is accurate and well controlled. 

10 

Brief Description of the Drawings 

15 FIG. 1 shows inkjet fluid droplets moving collinearly within a column of air that has a 
velocity distribution that is symmetrical with respect to a plane within the column. 

FIG. 2 shows inkjet fluid droplets moving collinearly within a column of air that has a 
velocity distribution that is cylindrically symmetrical with respect to a line down the centre 
20 of the column. 
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Detailed Description of the preferred embodiment 

FIG.1 shows a preferred embodiment of the present invention. Inkjet fluid droplets 1 , 2, 3 
and 4 are moving in plane 5 in the direction of vector v, as indicated by the arrow, at an 
5 equal distance d from plate 8. Inkjet fluid droplets 21 , 22, 23, 24 and 25 are moving 
collinearly with inkjet fluid droplets 1,2,3 and 4 in plane 6 in the direction of vector v, as 
indicated by the same arrow, at an equal distance d from plate 9. A substantially collinear 
flow of air is established by forcing air to flow substantially collinearly with both rows of 
droplets in the direction of vector v, as indicated by the arrow. The inkjet fluid droplets are 

10 emitted from inkjet nozzles into the collinear flow of air. In the substantially collinear air 
flow, the airflow is approximately aligned in direction with the path of the drop over the 
majority of the course of its flight from ejection to deposition on the recording surface, to 
the degree that when speeds are approximately matched over the path, the relative 
velocity of air and drop is sufficiently small to reduce aerodynamic drag effects on the 

15 drop, such that drop placement accuracy on the printed surface is measurably improved. 
Since the various technologies of inkjet fluid droplet emission are well-known to those 
skilled in the art, they are not discussed further here and the nozzles are not shown in the 
figures. The systems controller or controllers that are required to control the velocity of the 
emitted inkjet fluid droplets, as well as the airflow in the laminar airflow duct, are also well- 

20 known to those skilled in the art. They are therefore not shown in the figures and will not 
be further discussed in the present application for letters patent. The four inkjet fluid 
droplets of the first row and the five inkjet fluid droplets of the second row are chosen to be 
representative of a much larger number of droplets moving in exactly the same fashion. 
For the sake of clarity each train of inkjet fluid droplets moving between the two plates 8 

25 and 9 is represented by a single droplet in Figure 1 , whereas, in fact, each train is 

comprised of many droplets traveling one behind the other. One of the trains of inkjet fluid 
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droplets, that of which inkjet fluid droplet 23 is part, is shown to comprise inkjet fluid 
droplets 23, 231 , 232, 233 and 234. 

To the extent that plates 8 and 9 both extend much further in all directions of their planes, 
5 the airflow velocity profile is described by curve 10. Plates 8 and 9 are combined with 
further plates, not shown in Fig. 1 and positioned at a large distance compared with 
distance d, to constitute a defined space within which the collinear flow of air is 
established. This defined space functions as a collinear airflow duct. A maximum airflow 

velocity v m obtains halfway between plates 8 and 9, and the airflow velocity profile is 

10 symmetrical about this halfway point given by plane 7. The airflow velocity profile is 
determined by a number of factors. Chiefly, the controlling boundary condition is that the 
velocity will be zero at the inner surfaces of planes 8 and 9 and will increase towards the 
halfway point. Furthermore, the dimensions and velocity must be such that the resulting 
Reynolds number is low enough to allow purely laminar flow. The means for injecting and 

15 charging inkjet fluid droplets, as well as the means for establishing a collinear flow of air, 
and ensuring that the airflow velocity in the vicinity of the droplets and the droplet velocity 
are substantially matched, are all well known in the art and will not be further discussed in 
the present application for letters patent. The matching of these velocities may be 
accomplished by adjusting the droplet velocity, or the regional airflow velocity, or both. 

20 

In the prior art, inkjet nozzles would be positioned such that the droplets travel precisely 
halfway between plates 8 and 9 in the maximum airflow velocity region given by plane 7, 
where the curve peaks. Within this small region, the airflow velocity profile is substantially 
flat and the inkjet fluid droplets are considered stable in their paths. The substantially flat 
25 region of the velocity profile occurs where small variations in velocity exist across the drop 
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for nominal positions around the peak, such that for small variations in position of the 
stream in said substantially flat region of the velocity profile, insignificant aerodynamic 
forces are acting upon the drop stream. 



5 In order to make a continuous inkjet printer that has more than one row of nozzles, the 
designer is confronted by the fact that a plurality of rows cannot be in the maximum airflow 
velocity region of plane 7. If the rows are not in that area, then, because of the airflow 
velocity profile, they have to be in areas where the airflow velocity actually varies 
significantly over the dimensions of a single droplet. The droplets would experience a 

10 faster airflow speed at their inner surfaces than at their outer surfaces, the term outer 

surface being used here to describe the surface of the inkjet fluid droplet facing away from 
the region of highest airflow velocity. Conversely, the term inner surface is used here to 
describe the surface of the inkjet fluid droplet that faces toward the highest airflow velocity 
region. By way of example, the outer surfaces of inkjet fluid droplets 4 and 24 face away 

15 from plane 7, while the inner surfaces of inkjet fluid droplets 4 and 24 face toward plane 7. 
This variation in airflow velocity across an inkjet fluid droplet will cause the drops to spin 
and be subject to lateral forces that may prevent drops from being directed to the gutter or 
cause misregistration on the printed media. 

20 The present inventors have found that drop to drop aerodynamic interactions can be 

reduced to negligible levels whilelateral forces, although present, are are such that droplet 
placement on the print media surface is accurate and well controlled. By ensuring that the 
two rows of inkjet fluid droplets are at the same distance from plates 8 and 9 respectively, 
the droplets are emitted into regions of the collinear flow of air where the regional airflow 

25 velocities at the droplets are at substantially the same value vd, which is specifically lower 
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than the maximum airflow velocity v m . In one preferred embodiment of the present 

invention the spacing between plates 8 and 9 is 230 microns, while the two rows of 
nozzles emit droplets to travel at precisely 60 microns from the plates, one row at 60 
microns from plate 8 in plane 5 and the other at 60 microns from plate 9 in plane 6. The 
5 airflow velocity is set to approximately 30 meters per second. In order to obtain maximal 
resolution in printing, the droplets in the two rows do not travel directly above one another, 
but are staggered as shown in Fig. 1 . This allows double the resolution that may be 
obtained printing with a single row. 

10 In a further embodiment of the present invention, shown in Fig. 2, inkjet fluid droplets 31 , 
32, 33, 34, 35 and 36 are moving in the direction of vector v, as indicated by the arrow, 
within cylindrical surface 37 at a radial distance d from cylinder 38. Air is forced to flow 
collinearly with the inkjet fluid droplets within the defined space defined by a collinear 
airflow duct in the form of cylinder 38 in the direction of vector v, as indicated by the arrow. 

15 The inkjet fluid droplets are therefore emitted into a region of the collinear flow of air that is 
defined by a thin cylindrical shell of air, cylindrically symmetric with the cylinder 38 and of 
radius that is smaller than that of cylinder 38 by an amount d. In this particular case, the 
six inkjet fluid droplets are chosen to be representative of a potentially different number of 
droplets moving in exactly the same fashion within the same selected air region where 

20 they travel collinearly at substantially the same regional airflow velocity v<j, which is less 

than the maximum airflow velocity v m . For the sake of clarity, each train of inkjet fluid 

droplets is represented by a single droplet in Figure 2, whereas, in fact, each train is 
comprised of many droplets traveling one behind the other. One of the trains of inkjet fluid 
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droplets, that of which inkjet fluid droplet 34 is part, is shown to comprise inkjet fluid 
droplets 41 , 42, 43, 44 and 45. 

The airflow velocity profile is described by curve 9 and the maximum airflow velocity v m 

5 obtains at the center of the cylinder. The airflow velocity profile is determined by the fact 
that the velocity will be zero at the inner surface of cylinder 8 and will increase towards the 
center of the cylinder. The inkjet fluid droplets are therefore traveling in a region that has 
an airflow velocity distinctly smaller than the maximum airflow velocity. 

io In the prior art, this laminar flow configuration could only be employed for use with a single 
train of inkjet fluid droplets moving precisely down the center of the cylinder in the 
maximum airflow velocity zone. Within this small region, the prior art considered the 
velocity profile suitably flat and the inkjet fluid droplets were considered stable in their 
paths. 

15 

It is clear that, in a more generalized embodiment, the cross-section of the defined space, 
perpendicular to the collinear flow of air, may have a random two-dimensional shape. 
There will be a distinct airflow velocity profile, but it will always be possible to select 
regions in which the regional airflow velocity is equal, but lower than the maximum airflow 

20 velocity. A plurality of rows of inkjet nozzles may be placed such as to emit inkjet fluid 
droplets into the region or regions of equal regional airflow velocity. The case of a 
cylindrical cross-section is merely a very special case in which these regions assume the 
shape of a cylindrical shell. In the general case of the present invention, the term "outer 
surface" describes that surface of an inkjet fluid droplet that faces away from the highest 

25 airflow velocity region within the collinear airflow duct. The term "inner surface" describes 
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that surface of an Inkjet fluid droplet that faces towards the highest airflow velocity region 
within the collinear airflow duct. Since the timing of the emission of inkjet fluid droplets 
into the selected air regions is at the discretion of the designer, it may be selected such as 
to ensure that a given inkjet fluid droplet will deposit onto the media being printed upon at 
5 exactly the desired point at the desired time. This allows an entirely generalised 
distribution of nozzles to be employed to print the required information with correct 
registration. In this embodiment of the present invention, the arrangement of nozzles may, 
in general, be non-linear and non-circular. 

10 In a further embodiment of the present invention, most easily described at the hand of a 
cylindrical system, two or more regional airflow velocities are selected, and inkjet fluid 
droplets are emitted into these different regions at velocities substantially matched with the 
respective regional airflow velocities. In the case of a cylindrically shaped laminar airflow 
duct, such a system therefore may have a group of two or more concentric regions of 

15 regional airflow velocity, with the innermost of these regions having the highest regional 
airflow velocity and the outermost one having the lowest regional airflow velocity. Since 
the regional airflow velocities can be measured accurately and the droplet emission 
speeds adapted, the timing of the emission of the inkjet fluid droplets may be made 
intentionally different amongst the different regions to compensate for the variation in 

20 regional airflow velocity amongst member regions of the group. In this cylindrical 

embodiment, the nozzles from which the inkjet fluid droplets are emitted will clearly be 
arranged in concentric circles. 

In a further embodiment of the present invention, an airflow duct of non-uniform cross 
25 section may be constructed to obtain regional airflow velocity that is substantially collinear 
to the drop trajectory. Although airflow collinear with the intended drop trajectory may be 
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obtained with laminar flow in a duct of fixed cross section across the flow direction, a 
substantially collinear flow may exist in an airflow duct with changing cross section along 
the direction of flow. In one particular embodiment, said duct may be formed by two planes 
as in the rectangular duct of Fig 1, but with planes 8 and 9 being non-parallel and 
5 decreasing in separation toward the recording surface/This converging duct may still 
maintain laminar flow but will have airflow velocity that is increasing in magnitude and may 
change in direction toward the outlet at the recording surface. Drops are directed into this 
substantially collinear airflow duct such that on average the relative velocity between the 
drops and the converging airflow is sufficiently small to reduce aerodynamic interactions to 
10 the level where improved drop placement accuracy on the recording surface is obtained. 

In yet another particular embodiment, the duct may be formed by two planes as in the 
rectangular duct of Fig 1, but with planes 8 and 9 being non-parallel and increasing in 
separation toward the recording surface. This described diverging duct may still maintain 
15 laminar flow but will have airflow velocity that is changing in direction and decreasing in 
magnitude toward the outlet at the recording surface. Drops are directed into this airflow 
such that on average the relative velocity between said drops and the converging airflow is 
sufficiently small as described above. 

20 The use of multiple regional airflow velocities may be extended to the other configurations 
already described in the present application for letters patent. In the case of a laminar 
airflow duct having a rectangular configuration, the inkjet nozzles might be arranged in a 
plurality of parallel rows in order to eject their inkjet fluid droplets into the various regional 
airflow velocity zones. In an embodiment having a laminar airflow duct of more 

25 generalized cross-section, the arrangement of the nozzles might be correspondingly more 
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generalized to ensure that a given subset of nozzles emit their inkjet fluid droplets into a 
region of substantially matched regional airflow velocity. 

While the different embodiments of the present invention, as described thus far in the 
5 present application for letters patent, are based on continuous inkjet systems, the several 
advantages of the invention apply equally to drop-on-demand inkjet systems, where inkjet 
fluid droplets are emitted only when they are intended to print onto the media being printed 
upon. Such systems therefore have no requirement for guttering and all emitted inkjet fluid 
droplets travel within the collinear flow of air. Drop-on-demand systems are particularly 
10 amenable to implementations in which more than one regional airflow velocity is selected 
for inkjet fluid droplet injection. 

There have thus been outlined the important features of the invention in order that it may 
be better understood, and in order that the present contribution to the art may be better 
15 appreciated. Those skilled in the art will appreciate that the conception on which this 

disclosure is based may readily be utilized as a basis for the design of other methods and 
apparatus for carrying out the several purposes of the invention. It is most important, 
therefore, that this disclosure be regarded as including such equivalent methods and 
apparatus as do not depart from the spirit and scope of the invention. 
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